Background & Aims: Exercise in overweight patients with liver disease has improved
| INTRODUCTION
Cirrhosis is increasingly becoming a serious threat to global health. 1, 2 It results from different mechanisms of liver injury that lead to necroinflammation and fibrogenesis. 2 Common risk factors in developed countries include alcoholic liver disease and hepatitis C, whereas hepatitis B is the major risk factor particularly in Africa and Asia. 3 The proportion of individuals with cirrhosis is projected to reach 37.2% in 2020, and 44.9% in
2030
. 4 In addition, the economic burden associated with the disease is overwhelming. 5 Liver transplant remains the only cure for the disease.
Preventing the need for liver transplantation in patients with cirrhosis is the greatest challenge in the 21 st century. 2 Physical activity has been suggested to have survival benefits among individuals with liver disease. Exercise has improved liver enzymes, serum insulin levels and quality of life in overweight patients with liver disease. 6 In addition, moderate-to-vigorous physical ≥250 min/wk as part of lifestyle management is believed to improve non-alcoholic fatty liver disease (NAFLD) pathophysiology in men through reducing inflammation and oxidative stress levels and altering fatty acid metabolism. 7 Improvement in exercise capacity and muscle strength have been reported after physical training in patients with cirrhosis. 8 The relationship between physical activity and chronic liver diseases is poorly understood. Furthermore, studies to investigate the impact of physical activity on cirrhosis and other liver diseases are relatively recent. 9, 10 Increasing sedentary behaviour is becoming a growing problem in populations. 11 Sedentary behaviour is reported to be higher in people predisposed to metabolic syndrome, excessive adiposity, and Type 2 DM. Increases in sedentary time could play a potential role in the development of NAFLD independent of exercise. 11 According to the 2015 Hepatitis C Support Project, NAFLD is expected to be the leading cause of cirrhosis in the coming decades.
Liver transplantation remains the only curative option for a selected group of patients with cirrhosis. 3 However, it is beneficial only to a small number of individuals because of its high expense.
Alternative measures for both the prevention and treatment of cirrhosis and other liver diseases are vitally essential. As mentioned earlier, regular physical activity has prevented the onset and progression of numerous chronic diseases. Nonetheless, the role of exercise in the prevention of cirrhosis has not been widely discussed in previous publications. The aim of this study was to investigate the links between exercise and cirrhosis in obese and overweight adults. 
| MATERIALS AND METHODS

| Data source
| Inclusion criteria
We selected individuals ≥40 years old who were engaged in free adult The reference group included adults with no weekly physical activity.
| Exclusion criteria
Key points
• Cirrhosis is increasingly becoming a serious threat to global health.
• Studies to investigate the impact of physical activity on cirrhosis and other liver diseases are relatively recent.
• Exercise has improved liver enzymes, serum insulin levels and quality of life among overweight patients with liver disease.
• Moderate exercise, even at levels below the recommended minimum might significantly prevent obese and overweight adults from developing cirrhosis.
| Statistical analysis
The Chi-square test was used to compare the difference between nominal variables among groups. Unconditional logistic regression was used to estimate the odds ratios for cirrhosis. Exercise was Tables 1 and 2 
| RESULTS
| DISCUSSION
To our knowledge, this is the first study that has employed a large sample size to show that physical exercise might significantly prevent obese and overweight adults from developing cirrhosis. Full adjustments were made for several variables including low-income, age, lipid-lowering medications, commodity, lipid profile etc. Weekly exercise >150 minutes was found to be more protective for cirrhosis. We also found a dose-response relationship between exercise and protection from cirrhosis was evident in obese individuals and overweight women. Nonetheless, the P-value for trend approached the borderline of significance in overweight men. In addition, viral hepatitis B and C (HBV and HCV), GPT ≥40, diabetes mellitus, alcoholism, and age older than 60 were found to be the significant risk factors of cirrhosis. Our study was designed based on the global recommendations on physical activity for health which state that adults aged 18-64 years require at least 150 minutes of moderate-intensity aerobic physical activity each week.
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Until now, previous publications have focused mainly on the benefits of exercise in patients with coronary heart disease (CHD), diabetes, and cancer. In a recently published study conducted in Korea, authors found that any amount of moderate weekly exercise lasting at least 10 minutes was beneficial in either reducing the risk of new fatty liver or in improving the resolution of existing fatty liver. 9 An evidence-based review reported that light and moderate exercise are protective for liver disease and inflammatory bowel disease. 13 We have demonstrated that physical exercise is beneficial in reducing the risk of cirrhosis as evident in obese and overweight adults. It is also reassuring to note that a modest weight reduction and an increase in weekly exercise may have the potential to prevent the development of cirrhosis. 14 Moderate to vigorous intensity physical activity ≥250 minutes per week has significantly benefited obese individuals with nonalcoholic fatty liver disease (NAFLD) 7 which is expected to be the leading cause of cirrhosis in the coming years. 15, 16 Different mechanisms have been described to show how aerobic exercise can improve NAFLD. 17 Studies to define the most beneficial form and duration of exercise treatment are warranted.
18
As stated earlier, cirrhosis results from different mechanisms of liver injury that lead to necroinflammation. The possible mechanism by which exercise may protect against cirrhosis is still unclear. Elevation of cytokines has been reported in the peritoneal fluid and blood of patients with cirrhosis. 19 Ruben and colleagues found that physically active individuals had lower plasma concentrations of cytokines when compared to age-and gender-matched inactive groups. T A B L E 3 Association between exercise and cirrhosis in male participants using multiple logistic regression analysis
In our study, alcoholism was greatly associated with cirrhosis in both men and women. The odds for cirrhosis were significant mainly among frequent male drinkers compared to their female counterparts. It is worth noting that treating alcoholic liver disease remains challenging and the main therapy demands abstinence from alcohol.
5
Cirrhosis has also been associated with a higher risk of hepatocellular carcinoma.
21,22
It is worth stating that an analysis in subjects with known liver dis- Physical exercise may be advantageous for patients with cirrhosis and could reduce the need for liver transplantation. The strengths and limitation of our study should be addressed. This is the first study to investigate the effect of exercise and cirrhosis using multiple data sources in Taiwan. Second, we used a larger sample size and adjusted for several variables. However, we could not obtain detailed information describing exercise patterns from the databases, hence larger dedicated studies investigating cirrhosis should take into account exercise type and intensity.
In conclusion, moderate exercise might significantly prevent obese and overweight adults from developing cirrhosis. The benefits appear T A B L E 4 Association between exercise and cirrhosis in female participants using multiple logistic regression analysis to be greater in individuals who exercise more than 150 minutes per week. Future investigations require more biomedical evidence to support this causal relationship.
